INTRODUCTION
Immunoprecipitation and pull-down assay--For immunoprecipitation, lysates (~1 x 10 7 cells) were mixed with antibodies (1 µg) for 2 hr, followed by addition of 40 µl protein A/G Plus-Sepharose beads (Santa Cruz Biotechnology) for an additional hr at 4 o C. Immunoprecipitates were washed four times with NP-40 lysis buffer, and boiled in 20 µl 2X Laemmli's buffer. Samples were subjected to SDS/8% polyacrylamide gel electrophoresis (PAGE) analysis and electrotransferred onto nitrocellulose membranes.
Membranes were probed with the indicated primary antibodies (1 µg/ml), followed by horseradish peroxidase-conjugated secondary antibodies. Membranes were then washed and visualized with enhanced chemiluminescence (ECL) detection system (Amesham). When necessary, membranes were stripped by incubation in 62.5 mM Tris-HCl, pH 6.7/100 mM 2-mercaptoethanol/2% SDS for 1 hr at 70 o C with constant agitation, washed, and then reprobed with other antibodies as indicated.
GST fusion proteins were expressed in E. coli BL21 (DE3) by induction with 0.5 mM isopropyl-b-D-thiogalactopyranoside for 2 hr at room temperature and purified as described (14) . For the pull-down assay, GST fusion proteins (5 µg) were added to the cell lysates for incubation at 4 o C for 2 hr, followed by addition of 50 µl of glutathione-Sepharose beads (Pharmacia) for 30 min. Precipitates were washed four times with the lysis buffer and subjected to SDS-PAGE (10%) and immunoblotting with indicated antibodies.
In vitro ubiquitination assay--His-tagged Ub, E1, UbcH6 or GST-tagged UbcH7 were prepared using standard protocol as described (14). Ubiquitination reactions (15 µl) contained His-E1 (100 nM), His-Ubc6 
RESULTS AND DISCUSSION
To determine whether Notch is ubiquitinated, we expressed a Myc epitope-tagged Notch construct We tested whether Itch is involved in ubiquitination of Notch. Co-expression of Itch with Notch-∆EF in Jurkat T cells markedly induced Notch-Ub conjugation, which was further increased by MG132 treatment (Fig. 1c) . The Notch-Ub reaction was then reconstituted in vitro. To this end, we generated glutathione-S-transferase (GST) fusion protein containing the N-terminal C2 domain-truncated Itch (∆C2).
Immunopurified Notch-∆EF served as substrate. Ubiquitination reactions were initiated by addition of Ub, human E1, UbcH7 E2, and ATP in the presence of GST or GST-∆C2. The ubiquitinated products were analyzed by immunoblotting with anti-Myc antibody, and then reprobed anti-Ub antibody (Fig. 1d ).
8 treatment (Fig. 2c) . Like Notch-∆EF, co-expression with Itch remarkably increased ubiquitination of Notch-∆PEST (Fig. 2d) .
We tried to further map the Itch binding region in Notch intracellular domain. A Myc-tagged cDNA construct was generated that contains N-terminal RAM transcription factor binding domain and the six ankyrin repeats (Notch-∆EN). Notch-∆EN as well Notch-∆EF was expressed in Jurkat T cells. Cell lysates were incubated with GST or GST-WW and the precipitates were analyzed by immunoblotting with antiMyc. GST-WW but not GST alone still bound to Notch-∆EN, although less efficiently than to Notch-∆EF (Fig. 3a) . Thus, the N-terminal region of Notch intracellular domain is responsible for the association with the WW domains of Itch.
The Ub conjugation in Notch-∆EN was examined. Ubiquitination of Notch-∆EN was detected in cells co-expressing with HA-Ub, that was greater upon MG132 treatment (Fig. 3b) . The same cell lysates were immunoprecipitated with anti-HA antibody and the immunoprecipitates were analyzed with anti-Myc antibody. Mono-or poly-ubiquitinated Notch-∆EN was present in the Ub immunoprecipitates (Fig. 3c ).
To determine whether the N-terminal intracellular domain of Notch can serve as a substrate for Ub conjugation by Itch, Notch-∆EN was co-expressed with Itch. Co-expression with Itch significantly increased ubiquitination of Notch-∆EN (Fig. 3d) , suggesting that this portion is required for both recognition and subsequent ubiquitination of Notch by Itch.
Hect domains of E3 ligases of this family share a region of ~350 amino acids in the C terminus, which contains E2 binding site and a putative active-site cysteine residue. The Hect domain governs the transfer of Ub from E2, to the putative active-site cysteine, and then to the protein substrate, and the polyubiquitination of the substrate (19). To evaluate a possible role of Itch Hect domain in mediating Notch ubiquitination, we next generated a construct in which the putative active-site cysteine 822 was mutated to notion is consistent with the observation in Drosophila: ectopic overexpression of Su(dx), an Itch homologue, enhances the phenotypes of loss-of-function mutations in Notch (7) . Taken together, these data may support an idea that Itch or its homologues play an evolutionarily conserved role as a negative regulator of Notch receptor signaling. Further functional studies of Itch in T cell development and activation will provide molecular insights into the abnormal immune responses manifested in Itchy mice. 
